Little is known about the degree to which individuals are uncertain about their future Social Security benefits, how this varies within the U.S. population, and whether this uncertainty influences financial decisions related to retirement planning. To illuminate these issues, we present empirical evidence from the Health and Retirement Study Internet Survey and document systematic variation in respondents' uncertainty about their future Social Security benefits by individual characteristics. We find that respondents with higher levels of uncertainty about future benefits hold a smaller share of their wealth in stocks.
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Introduction
Planning for retirement involves many intertemporal decisions, most importantly how much money to save and how to invest it. In making these decisions, individuals form expectations about a number of variables, such as future earnings and rates of return. One of these variables is future Social Security benefits, which is the major source of retirement income for 53 percent of married couples and 73 percent of nonmarried persons aged 65 or older (Social Security Administration, Annual Statistical Supplement, 2009 ). But despite the fact that Social Security benefits are so integral to the economic well-being of older households, previous research has noted high rates of "don't know"
responses from individuals asked to project how much they expect to receive from Social
Security. This has raised concerns that people are not well informed about these benefits (Gustman and Steinmeier, 2004) .
Lack of knowledge about Social Security rules may explain some of the difficulties people have in forecasting their benefits. But there may be other contributing factors. For example, the level of benefits an individual ultimately collects may depend on events not yet realized before a person first claims Social Security benefits.
Uncertainty regarding losing one's job or experiencing a health shock would likely influence uncertainty about future earnings used to calculate Social Security benefits.
Another source of uncertainty may be the possibility of Social Security reform, which both politicians and the media mention frequently.
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Several reform proposals have been 1 Social Security statements sent out to people every year also highlight the potential for Social Security reform, noting that " [Your] estimated benefits are based on current law. Congress has made changes to the law in the past and can do so at any time. The law governing benefit amounts may change because, by 2040, the payroll taxes collected will be enough to pay only about 74 percent of scheduled benefits." put forward: increasing payroll taxes, decreasing benefits, and introducing personal saving accounts. All of these would have a different influence on levels of benefits.
This uncertainty may have important ramifications, in that it is likely to influence individuals' decision-making when they plan for retirement, in particular investment decisions. Social Security benefits provide a secure, inflation-indexed, lifetime annuity.
If a household could predict with certainty the Social Security benefit amount it will eventually receive, it could adjust the remainder of its investment portfolio accordingly.
But what if the household is substantially uncertain about whether and/or how much it can expect? According to a basic prediction of portfolio choice theory-all else equalsomeone with little uncertainty about her future Social Security benefits can afford to take on more investment risk in her remaining portfolio than someone who is highly uncertain about his future Social Security benefits.
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But because data are few, little is currently known about the extent of the uncertainty, how it varies across individuals, and how it influences economic behavior.
In this paper, we use newly available data eliciting individuals' subjective distributions about their future Social Security benefits first to describe their uncertainty about their future Social Security benefits and how it varies with observable characteristics, and second, to investigate whether the uncertainty appears to be related to households' portfolio choice. More specifically, we assess whether there is support for the hypothesis that individuals with higher uncertainty about future Social Security benefits tend to invest a smaller fraction of their wealth in risky assets. The data come from a 2007 supplemental Internet survey of a subsample of respondents to the Health and Retirement Study (HRS) . The HRS is a large longitudinal survey of the U.S.
population over the age of 50. We designed the module on Social Security expectations in the 2007 Internet survey, employing an innovative visual format to elicit the distribution of individuals' subjective beliefs about the benefit amounts they might receive.
Eliciting the whole subjective distribution of future Social Security benefits has rarely been done. Several large-scale surveys-such as the core survey of the Health and Retirement Study, the Survey of Consumer Finances, and the Retirement History
Survey-have asked individuals to forecast what they expect to receive in future Social
Security payments. But the question design in these surveys leaves no room for expressing uncertainty, instead querying only about point estimates (e.g., "How much do you expect your monthly Social Security benefits to be?"). These data on point estimates have been used to investigate whether Social Security depresses savings (e.g., Bernheim and Levin, 1989; and Bottazzi et al., 2006) and whether it affects portfolio choice (Bottazzi et al., forthcoming) .
A notable exception, however, is the Survey of Economic Expectations (SEE). Dominitz and Manski (2006) , who designed the module on Social Security expectations in the SEE, elicited the minimum and the maximum and six points on respondents' subjective probability distribution of their future Social Security benefits. Based on this information they derived measures of uncertainty for each respondent. They found that both younger and older respondents showed substantial uncertainty about future Social Security benefits. They also noted that younger individuals appeared to be concerned that the Social Security system might not survive overall, but not that benefits would be reduced should the system survive.
This paper complements, as well as extends, the findings reported in Dominitz and Manski (2006) in two ways: First, it correlates individuals' uncertainty about their Social Security benefits with a rich set of covariates from the HRS, such as the subjective probability of a Social Security reform. Second, it studies the relationship between the measures of uncertainty and economic decision-making, using the example of portfolio choice. We are aware of only one other study that relates uncertainty about future public pension benefits to economic decision-making. Guiso et al. (2009) analyze the subjective distribution of public pension replacement rates among Italian workers using data obtained in a survey of a random sample of customers of a large financial institution.
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They find that higher pension risk is associated with increased investments in life insurance and with a larger likelihood to enroll in private pension funds and private health insurance plans.
The paper is organized as follows: In the next Section, we present a theoretical model of portfolio choice in which retirement age is endogenously determined. While simple, it allows us to derive our main hypothesis of how uncertainty about Social Security benefits might influence the fraction of wealth invested in risky assets. It also provides guidance regarding other factors that should enter the empirical analysis. In Section 3, we then introduce the data, discuss our analytical sample, and describe the innovative visual design we used to elicit Social Security expectations. We provide 3 The elicitation method of the subjective distribution of replacement rates follows the method of Dominitz and Manski (2006) of asking respondents to first provide a minimum and maximum value, followed by questions about the chances that the replacement rate might be higher than a certain threshold. However, Guiso et al. (2009) only have one additional point on respondents subjective distribution while Dominitz and Manski elicited six additional points.
detailed descriptive statistics of how the subjective probability of receiving any Social Security benefits in the future, and individuals' uncertainty about the expected benefit amounts, both vary with observable characteristics in a multivariate setting. Note that when eliciting the uncertainty about the expected benefit amount, one could ask respondents to report the amount they expect to receive either conditional on starting to receive these benefits at a particular age or without this conditioning. In the HRS Internet module, we asked both versions of the question, randomizing across respondents. To show to what extent this leads to different empirical patterns, we present results for both.
In Section 4, we present predictors of uncertainty about future Social Security benefits. Then in Section 5, we turn to our analysis of portfolio choice and how it relates to uncertainty about expected Social Security benefits. We estimate reduced-form models that incorporate the basic implications derived from the theoretical framework.
More specifically, we relate the fraction of total (non-pension) wealth held in stocks to the respondent's uncertainty about future Social Security benefits and other covariates. A challenge in the econometric analysis is that the uncertainty in Social Security benefits may be driven by uncertainty about when to claim, which may be endogenous. To deal with this endogeneity issue, we take advantage of the fact that we have various elicitation designs and mitigate the endogeneity issue by focusing on respondents who were asked their distribution of Social Security benefits conditional on a particular claiming age.
Finally, in the Conclusions, we summarize our findings and suggest future avenues of research.
A Simple Model of Portfolio Choice
It is challenging to model how households allocate their investment portfolios, because some households seem to make investment decisions that are difficult to reconcile with existing theories-for example, choosing not to participate in the stock market (see Campbell, 2006 , for an overview of the literature). We do not aim to develop a complete model of portfolio choice. Rather, we seek to illuminate how a household's uncertainty about future pensions or Social Security benefits may influence its decisions about investing in risky assets. Because we focus on Social Security benefits, and because Social Security benefits depend on the timing of retirement, we relax the assumption of fixed labor supply common in models of portfolio choice in the finance literature (see Merton, 1990 , for an overview). This is to allow for the possibility that there may be a relationship between portfolio choice and labor supply, in particular the timing of retirement: Working longer may be a form of insurance against the poor performance of previous investment decisions. Bodie and Samuelson (1989) and Bodie, Merton, and Samuelson (1992) develop theoretical models showing that for individuals with more labor supply flexibility, it is optimal to invest a larger fraction of their wealth in risky assets.
We present a simple two-period model explaining individuals' choices regarding their portfolio allocation, consumption, and retirement age. Our model is based on the two-period model developed by Bodie and Samuelson (1989) . In period 1, the individual allocates his current wealth between a risky and a risk-free asset. At the end of period 1, the rate of return of the investment is realized. Given the resulting wealth, the individual decides how much to consume and when to retire. Accordingly, two important aspects of the model are that the timing of retirement is flexible, and that it is determined after the uncertainty about investment returns has been resolved. For simplicity, the individual is also assumed to claim Social Security benefits when he retires, and to consume all of his wealth in the second period.
This individual is endowed with wealth 0 W at the beginning of period 1, and allocates a share 1 x  of his wealth to a risk-free asset with a rate of return r, and a share x of his wealth to a risky asset yielding 1 z with subjective probability 1 p and yielding 2 z with subjective probability 2 1 1 p p   . We assume that the subjective expected return of the risky asset exceeds that of the risk-free asset: 1 1 2 2 p z p z r   and that 1 2 z r z   .
In period 2, the individual can decide to retire at any age A that we normalize so that it is between zero and 1. While still working between the ages 0 and A in period 2, he earns the wage Aw . After retiring, he earns Social Security benefits and enjoys leisure 1 L A   in retirement. The amount of Social Security he earns depends on how long the individual has been working. For simplicity, we assume that the Social Security formula is linear in A so that an individual who retires at age A gets a lifetime benefit equal to
We first consider the case in which the individual does not face any uncertainty about future Social Security benefits. The individual maximizes his expected utility. His utility function   , U C L depends on consumption C and leisure L. We assume that U is 4 Monthly Social Security benefits depend on the claiming age for two reasons. First, given a fixed earnings history, claiming later is associated with a higher monthly benefit to compensate for the fact that the worker would receive the benefits for a shorter period. This adjustment of monthly benefits is designed to be actuarially neutral so that on average Social Security wealth is unaffected by the timing of claiming. Second, if an individual who claims later also retires later, then delaying claiming changes the worker's earnings history and increases Social Security wealth for having contributed for a longer period. In our model, B A  is the individual's Social Security wealth, which is increasing with the length of the individual's working life.
increasing, concave, and differentiable in both arguments. The individual solves the following problem:
The first order conditions with respect to 1 2 , L L and x are:
The first-order condition with respect to x implies that the risk-averse individual will invest a positive share in the risky asset. This is because at x=0, we have 1
For the first-order condition to hold, one needs to increase x.
We next consider the case in which there is uncertainty in Social Security benefits. Suppose that Social Security benefit b is a random variable that is independent of z and has the same expected value as in the certainty case above ( ) E b B  . The random variables b and z are assumed to be realized at the same time. We have the following results:
Proposition 1: Suppose the individual's utility function is of the following form:
Introducing uncertainty about Social Security benefits reduces the optimal fraction of total wealth invested in the risky asset.
Proof:
The proof is presented in Appendix A.
Note that the utility functions specified above comprise utility functions that have constant relative risk aversion with respect to C when 0 0 C  , and utility functions that have decreasing relative risk aversion with respect to C when 0 0 C  .
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This simple model implies that higher uncertainty about future Social Security benefits should be associated with a smaller fraction of total wealth invested in stocks. In Section 5, we will assess whether there is empirical support for this. For simplicity, we assume that there is no correlation between stock market returns and Social Security benefits. A positive correlation between the two should reduce the individual's demand for the risky asset.
As pointed out by Bodie and Samuelson (1989) , this model further implies that younger workers can take on more investment risk than older workers, because they have a longer time horizon during which they can adjust their labor supply in response to any adverse portfolio outcomes. However, if the individual was asked about his or her subjective distribution of Social Security benefits conditional on claiming at age 1 A , the individual would report the distribution of 1 bA . The distribution of benefits conditional on a claiming age has therefore a smaller variance than that of the distribution unconditional on a claiming age, and does not depend on expectations about stock market returns.
Data on Social Security Expectations

The HRS Internet Survey and our Analytical Sample
We use data on Social Security expectations that come from the second wave of the HRS Internet Survey, a supplementary survey of the Health and Retirement Study (HRS). The HRS is a panel survey representative of the U.S. population age 51 and over.
In the core survey, the HRS collects biennial data on close to 20,000 individuals and their spouses in about 13,000 households. We link the data from the HRS Internet survey to the HRS 2006 core survey to obtain additional covariates on 6 Spouses of age-eligible respondents are included irrespective of age. 7 The interview was postponed for one group of the sample to a later second phase because that group had previously been assigned (at random) to participate in another supplemental study. It would have had three HRS-related interviews within a few months of each other had the internet interview not been postponed.
the same respondents. Therefore, our various samples of analysis are composed of those respondents who answered the relevant questions about Social Security in the HRS Internet survey and who also responded to the HRS 2006 wave.
In this paper, we focus on two aspects of respondents' Social Security expectations: (i) the subjective probability of receiving Social Security benefits at some time in the future and (ii) the subjective distribution of future Social Security benefits, conditional upon receiving them. Only respondents who were not currently receiving Social Security benefits were asked about these items. Exactly 1,500 respondents from phases I and II of the second wave of the HRS Internet survey reported not receiving
Social Security benefits at the time of the interview. 1,489 provided a percent chance when asked about the probability of receiving Social Security benefits in the future. Of those, 5% said there was a zero percent chance that they would receive Social Security benefits in the future. Consequently, this 5% were not asked any further questions about their expectations regarding Social Security benefits.
For the analysis of uncertainty about future Social Security benefit amounts our analytical sample is smaller. This is because we experimented with two alternative formats for their elicitation. Half the sample was administered a sequence of percent chance questions similar to the design in the SEE by Dominitz and Manski, and the other half was administered a visual format that we designed and describe in detail below.
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In this study we focus our analysis of uncertainty about future Social Security benefits on 8 The purpose of using two different elicitation formats was to evaluate the impact of the elicitation design on respondents' answers (see Delavande and Rohwedder, 2008) . Delavande and Rohwedder (2008) find that in the visual format the observed distributions tend to be more concentrated around the point estimate than the percent chance format. Additional experiments lead us to conclude that this is not due to anchoring toward the middle in the bins-and-balls format. In addition, 20 percent of the observations randomized into the percent chance format are lost due to violation of the monotonicity property of a cumulative distribution, and those 20 percent tend to be less educated, less healthy and less wealthy. We have therefore decided to focus our analysis on respondents randomized into the visual formats.
respondents who were randomized into the visual format (783 respondents, of whom 774 also participated in the HRS 2006 core survey). As noted in Section 2, one can ask individuals about the benefit amount they expect to receive with or without conditioning on a particular age at which the individual would first receive the benefits. We did both and once again randomized which set of respondents received which format (nobody was asked both). We take advantage of the availability of observations of uncertainty both conditional and unconditional upon the expected claiming age (albeit on different samples of respondents) in our empirical analysis of portfolio choice and how it relates to uncertainty about future Social Security benefits. Item non-response on the Social Security-related questions in the HRS Internet survey is very low (less than 2%). Most respondents gave a high chance of receiving Social Security benefits in the future.
The median and average subjective probabilities are 90% and 79% respectively (Table 1) .
Five percent of respondents answered 0%, 13 percent said 50%, and 40 percent said 100%.
Respondents who provided a positive probability of receiving Social Security at some time in the future were then instructed to assume for subsequent questions that they would, in fact, receive benefits:
Suppose that you will indeed receive SS benefits in the future. We will ask some questions about when you expect to receive them and how much you think they will be.
These respondents were then asked about the timing of claiming:
At what age do you expect to start collecting these benefits?
In phase II of the HRS Internet survey, we used a visual format to elicit information on individuals' subjective probability distributions about their future Social Security claiming age in a way that mimicked the density function of their subjective beliefs.
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We asked respondents to allocate 20 balls into 8 bins, each representing a claiming age, to express the likelihood that they would first claim benefits at each age.
The left outer bin represented age 61 or younger, while the right outer bin represented age 68 or older. On a first screen, we presented a short introduction to familiarize respondents with the exercise. The next screen, replicated in Figure 1 , showed an example with 12 balls allocated in the bin for age 64, and 8 balls in the bin for age 65, and described this particular allocation. Finally, on the third screen-similar to that of Figure 1 , except with all 20 balls placed in a box beneath the bins-respondents were asked to allocate all the balls into the 8 bins to express the chances out of 20 that they would claim at each age.
The distribution of point estimates for the claiming age exhibits heaping at ages 62 (27% of answers) and 65 (30% of answers). Only 14% report their normal retirement age at which they qualify for full Social Security benefits as their expected claiming age.
Respondents tend to have subjective probability distributions concentrated around the reported expected claiming age: 47% of respondents allocate all of the probability mass within one year of the reported expected claiming age and 76% allocate at least 75% of the probability mass within one year of the expected claiming age.
Next we asked respondents about the amount of their expected future Social Security benefit. The elicitation method followed a sequence similar to that in the 11 Both phase I and phase II respondents were asked to report the point estimate of their expected claiming age. The distribution of claiming ages was only administered to phase II respondents (N=1,021, with item non-response equal to 0.4%). All Phase II respondents were asked first their expected claiming age, and then their subjective distribution of claiming ages.
elicitation of the distribution of the expected claiming age. Respondents who reported a positive probability of receiving Social Security benefits in the future were first asked to give a point estimate about their future benefits, conditional on receiving any:
How much do you expect your monthly Social Security benefits to be in today's dollars?
For half the sample we then again used a visual format to elicit the subjective distributions of benefits conditional on future receipt. we administered standardized thresholds centered around $1,100.
Phase II respondents who allocated all of the balls into one or two adjacent bins were presented with a follow-up bins-and-balls screen. These "unfolding bins" split the initial range containing all the balls into narrower bins of equal width. The respondents were asked to place 20 balls into those narrower bins (see Delavande and Rohwedder, 2008 , for the exact wording presented to the respondents). The number of new bins varied between 2 and 5, depending on the size of the range to which the respondent had initially allocated all of the probability mass.
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The design above elicits expected Social Security benefits without asking respondents to assume that they would claim at a particular age. Within the sample of respondents assigned to the visual format, respondents were further randomized into two subgroups: 59% of the sample were asked to report their distribution of Social Security benefits unconditional on their claiming age, as just described above; the other 41% were asked to report their distribution of future Social Security benefits conditional on claiming at their point estimate of their expected claiming age.
14 We conducted this experiment because little is known about how conditioning on a particular claiming age affects the distribution of Social Security benefits elicited.
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The timing of when a person first claims Social Security benefits determines the benefit amount in important waysfirst, because of how benefits are computed and second, because of the potential additional earnings for respondents who work longer. For someone who first claims at the normal retirement age (NRA, which is 66 for most respondents in our sample), 16 the monthly benefit equals 100% of the Primary Insurance Amount (PIA), which itself 13 If all probability mass was allocated to a range between $300 and $450 in the first screen, respondents were provided a follow-up screen with 2 bins. If that initial range was between $450 and $600, the followup screen contained three bins. If the initial range was between $600 and $750, the new screen contained four bins. If the initial range was above $750, the new screen contained five bins. 14 Those in the first group were asked about their expected benefits first, followed by questions about when they would expect to claim these benefits. The second group, that is, those who were asked to condition on their expected claiming age when reporting their benefits expectations, naturally were first asked their expectations about claiming age, and then their expectations about Social Security benefits. 15 The HRS core survey asks about the point estimate of expected Social Security benefits conditional on claiming at the stated (point estimate of) expected claiming age. 16 The normal retirement age depends on the individual's year of birth, and ranges from 65 to 67 in our sample.
depends on past earnings. However, individuals can claim benefits as early as age 62. percentiles of the distribution of the expected monthly benefit amount unconditional on the expected claiming age are $750, $1,100, and $1,500
respectively. For the distribution of the expected monthly benefit amount conditional on expected claiming age, those same percentiles are closely comparable: $750, $1,000, and $1,500 (Table 1) . Both distributions-conditional or unconditional on expected claiming age-tend to center around the point estimate.
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Respondents allocate, on average, 60.3% of the probability mass to the middle bin (which covers the range of plus/minus 15% around the point estimate), 17.2% to the bin immediately to the left of the middle bin, and 16.6% to the bin immediately to the right of the middle bin. The outer bins attract low probability mass overall. The uncertainty that so many respondents show about their future Social Security benefits can be decomposed into their uncertainty about eligibility and their uncertainty about the benefit amount conditional on being eligible. Because each of these two components is of separate interest we conducted separate analyses of how they relate to observable characteristics. For completeness, we also analyzed how characteristics are related to the central tendency of the distribution of Social Security benefits.
Predictors of Uncertainty about Social Security Benefits
We used the elicited subjective probability of receiving Social Security benefits in the future as a measure of uncertainty about eligibility. To facilitate our analysis of the distribution of benefits, we made parametric assumptions similar to those of Engelberg et al. (2009) to fit a distribution to respondent's answers. In particular, we assumed that the subjective distributions with positive probability in at least three bins were of generalized beta form, and that the subjective distributions based on one or two bins were isosceles triangular (See Appendix B). We then used the mean of the fitted distribution as a measure of central tendency, and the standard deviation as a measure of uncertainty. If we use the median and interquantile range instead, we find similar results (results not shown).
Regarding the uncertainty about Social Security benefits, we conducted separate analyses for respondents who were asked their distribution conditional or unconditional on their expected claiming age. When we asked respondents to report their distribution conditional on a particular claiming age, they presumably provided a distribution of beliefs that does not incorporate uncertainty about the claiming age.
In this context, a question arises: Which feature of the distribution of claiming ages (e.g., the mean, mode, median, or another quantile) do respondents report when they are asked what they expect the point estimate of their claiming age to be? We investigated this question by assuming that the distribution on claiming age is discrete and that its support is between 60 and 70 (see Appendix C for the details of these assumptions). We find that the reported point estimate for the claiming age is consistent with the mode for 90% of the respondents, with the median for 76% of the respondents, and with the mean for 52% of the respondents. as the total number of years worked; future earnings, such as the subjective probability of losing one's job or the probability of an economic recession in the next 10 years; and the subjective probability that Social Security reform will take place in the next 10 years so that benefits become less generous than they are now. Table 1 provides descriptive statistics of those variables.
The first column in Table 2 shows that age is an important predictor of the probability of receiving Social Security in the future. Respondents in their late 50s and early 60s provide a higher probability of receiving future benefits than those in their early 50s or younger. Respondents age 50 to 54 have, on average, a subjective probability of benefit receipt 6 percentage points lower than that of respondents age 55 to 59. This is consistent with the fact that an individual's uncertainty about what the structure of Social Security will look like at the time of his or her first claim should decrease as the time of claiming draws near. 20 Note that we find less uncertainty than Dominitz and Manski (2006) . They report that the cross-sectional median of the subjective interquartile range of yearly benefits is $7,140, while it is $1,296 in our data for the distribution unconditional on claiming age. This difference may be due to the fact that their sample is younger on average than ours (41.8 years old, in contrast with 55.9 years old). As we explain below, younger respondents report more uncertainty about future benefits.
In addition, variables related to current eligibility rules are clearly important predictors: Respondents who work, and those who have been working longer, report a higher probability that they will receive Social Security in the future. On average, respondents who work provide a subjective probability of eligibility 8 percentage points higher than those who do not work. This is consistent with the fact that under current law, only individuals who have worked 10 years or more are eligible to receive benefits based on their own work record. Concerns about Social Security reform, as well as about the state of the economy (which may influence the type of reform that takes place), are associated with the subjective probability of being eligible. Conditioning on other covariates, those who think there is a higher chance of Social Security reform and of a recession within the next 10 years provide a lower probability that they will receive any benefits in the future.
The second column of Table 2 shows how observable characteristics relate to the mean of the fitted distribution of the benefit amount. For this variable, we pooled respondents from the conditional and unconditional format together, because the format does not seem to influence how characteristics are related to the mean (tables not shown).
We did, however, add an indicator for the elicitation format. Variables that are known to affect lifetime earnings (and thus the PIA), such as gender, education, and number of years worked, are dominant predictors. In addition, individuals who report a lower subjective probability of Social Security reform have a lower mean. This finding, combined with the results shown in Table 1 , is consistent with the idea that individuals fear that the system will either disappear entirely, or that benefits will be reduced.
Looking at the last two columns of Table 2 , we see that the important predictors of the probability of eligibility are different from those of the uncertainty about the amount conditional on being eligible. Interestingly, the coefficients associated with the subjective probability of an economic recession and Social Security reform are not precisely estimated in the benefit amount specification. But this result may be due to the smaller sample size.
An important predictor of uncertainty about the amount of future benefits is the individual's distance to the expected claiming age.
21
The coefficients of Table 2 are consistent with the idea that those who are further away from claiming face more unresolved uncertainty about events that may influence the benefit amount. But even people who are less than 5 years away from retirement still report uncertainty (in this group, the average standard deviation of monthly benefits is $90). In general, women-in addition to reporting a lower average benefit amount than men-report less uncertainty about future benefit amounts than their male counterparts.
The coefficients in columns 3 and 4 exhibit similar patterns overall. In Column 4, we see that the uncertainty about the timing of claiming, as measured by the standard deviation of the distribution of claiming ages, is positively associated with uncertainty about the expected benefit amount and has a very large coefficient. We therefore do not present it in Table 2 .
Uncertainty about Future Social Security Benefits and Portfolio Choice: Empirical Analysis
Social Security benefits are the main source of retirement income for the majority of retirees. But in Section 4, we show that many respondents-including those close to their expected claiming age-exhibit uncertainty about the level of benefits they expect to receive. The theoretical model we presented in Section 2 indicates that individuals who face more uncertainty in their Social Security benefits invest a smaller fraction of their wealth in risky assets. In this section, we investigate this premise empirically. To this end, we estimated a reduced-form model, taking into consideration the uncertainty that individuals face with respect to both the uncertainty related to their eligibility for benefits and that related to the benefit amount, i.e., the distribution of benefits unconditional on eligibility.
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We estimated an equation of the form:
In 2006, respondents younger than 62 were asked their expected benefits if they were to claim at age 62 and if they were to claim at their normal retirement age. Of those who were asked both questions, 53% correctly provided a lower benefit amount for claiming at age 62 than for claiming at the normal retirement age, 10% made a mistake (that is, they reported an equal or higher amount at age 62 than at the normal retirement age), and 37% answered "don't know" to at least one of the questions about the expected benefit amounts. 24 The standard deviation of the distribution of the benefit amount unconditional on eligibility is given by the product of the probability of being eligible and the standard deviation of the distribution of the benefit amount conditional on eligibility.
where i x denotes the fraction of wealth held in stocks by the household in which individual i lives, i sd denotes the standard deviation of i's subjective distribution of Social Security benefits, i Z denotes individual and household characteristics, and i  is an unobserved random term. On average, individuals in our sample hold 14% of their total assets in stocks; the median is 3% (Table 1) . Forty-five percent of the households in which our respondents live do not hold any stocks. (Note that the fraction of wealth invested in stocks is a household-level variable from the HRS 2006 core survey).
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In addition to uncertainty about their own future benefits, married individuals in our sample may have uncertainty about their spouse's Social Security benefits. However, we do not have any information on this variable.
As we explained in Section 3.2, information is available on the distribution of Social Security unconditional on the expected claiming age (i.e., the distribution of In practice, an individual who delays claiming may work longer. As a result of the additional years of earnings, his PIA may increase. But because there may be uncertainty about future earnings close to retirement (i.e., in w in our model), this individual may exhibit more uncertainty about future Social Security benefits conditional on claiming 25 All components of wealth in the HRS are measured at the household level. Total wealth is defined as the sum of the following assets: housing, other real estate, transportation, IRAs, stocks and stock mutual funds, checking and savings, CDs, bonds, and other assets, minus all debt (mortgages, home equity loans, and any other debt). With respect to IRAs, respondents are asked what fraction of the balance is invested in stocks. We applied these reports to the respective IRA balances to recover the amount held in stocks.
late than conditional on claiming early. As such, the standard deviation of the distribution unconditional on a claiming age-which supposedly also captures uncertainty about lifetime earnings for all potential claiming ages-would better capture the uncertainty that individuals consider when making their portfolio choice than would the standard deviation of the distribution conditional on a claiming age.
However, using the standard deviation of the distribution unconditional on the expected claiming age poses some econometric challenges. By definition, this standard deviation depends on the subjective distribution of stock market returns, because those influence the retirement age, which is not precisely measured in the HRS. As a result, it may be correlated with the random term i  . To deal with this issue, one could use an instrumental variable approach, but we do not have a suitable instrument. Instead, we used the standard deviation of the distribution of Social Security benefits conditional on a claiming age. The underlying assumption is that this uncertainty, which depends on factors such as the probability of reform, is exogenous to unobservable variables that influence portfolio choice. But this standard deviation may underestimate the overall uncertainty that individuals face. Consequently our estimate may provide a lower bound of the effect of uncertainty about future Social Security benefits on portfolio choice.
Our theoretical framework suggests a number of other covariates we should include in our reduced-form model. People's subjective beliefs about stock market returns are critical to their portfolio choice. We used (1) the elicited subjective probability that the price of mutual fund shares invested in blue chip stocks, such as those in the Dow Jones Industrial Average, will increase faster than the cost of living over the next 10 years, (2) the subjective probability that it will increase by 8 percent or more per year on average over the next 10 years, and to complement these measures (3) the subjective probability that there will be an economic recession within the next 10 years.
Risk-aversion is another important factor in portfolio choice and we used it too as a covariate. The HRS includes a categorical measure of risk-aversion derived from a set of questions where the respondent is asked to choose between two jobs, where one guarantees the current family income and the other offers a chance to increase income, but also carries the risk of income loss. As we point out in Section 2, the time horizon may additionally be important, so we controlled for age and a measure of subjective survival expectations relative to the life table (i.e., the ratio of the subjective probability of being alive at age 75 to the probability given by the life table). We used education as a covariate as well, because a more educated individual may be more able to insure his risky investment with labor income. Finally, we controlled for the level of total wealth, including expected Social Security entitlements. We created an indicator for total bequeathable wealth (above and below the median in our sample, referred to as "other wealth" in Table 3 ) and an indicator for Social Security wealth as measured by the mean of the fitted distribution of Social Security benefits (above and below the median), and interacted the two. We also included an indicator for whether the individual has an employer pension. Turning to those expectations related to the stock market or economy, we see that individuals who report a higher subjective probability that the price of stocks will rise faster than the cost of living over the next 10 years, or a lower subjective probability of a recession, hold a higher fraction of their wealth in stocks. Contrary to what the model predicts, Table 3 shows that older individuals have a higher share of their assets in stocks.
This may be due to the fact that younger households may be more likely to face borrowing constraints, which may make risky financial investments less attractive to them (Campbell, 2006) . However, individuals with more education tend to hold a higher proportion of their assets in stocks. The coefficients associated with the measures of risk aversion here are not precisely estimated, which may be due to the fact that the hypothetical questions about job loss do not do a very good job of capturing risk-aversion related to financial investments. Table 3 also shows interesting patterns related to wealth: Those with high other (bequeathable) wealth and high Social Security wealth invest by far the largest proportion of their assets in stocks (almost 10 percentage points more than the other groups).
26 Table 3 excludes respondents who report a zero probability of receiving Social Security in the future. Those have a zero mean and a zero standard deviation. Including them, while adding an indicator for reporting a zero probability, does not change our results.
The coefficients associated with the standard deviations of the distribution of benefits unconditional on claiming age is much smaller in magnitude than the one for the distribution conditional on claiming age. This may suggest that endogeneity is indeed an issue with the unconditional distribution, and that using the distribution conditional on an expected claiming age mitigates that problem.
Overall, the results presented in Column 2 based on the conditional distribution favor the hypothesis that individuals who exhibit less uncertainty about their future Social Security benefits hold more risky investment portfolios. Under the assumption that using the conditional distribution eliminates the endogeneity problem and that no other omitted variables bias the estimated relationship, these relationships can be interpreted as causal.
In that sense, our results suggest that our respondents act qualitatively as theory would predict. However, they do not allow us to determine whether individuals choose the optimal amount of risky investment given the Social Security benefits they expect.
It is possible, though, that these results could be driven by some omitted variables.
This would happen if, for example, lower levels of uncertainty were positively correlated with higher financial literacy or cognitive ability (and thus better knowledge of Social Security rules), and, in turn, if individuals who are more financially savvy are more likely to hold a larger portion of their wealth in stocks. Our specification includes controls for gender and education, which have been found to be important indicators of financial literacy (Lusardi and Mitchell, 2007) .
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But we cannot rule out that this may be an important variable whose effect is not fully captured by the controls for gender and education.
Another issue may be related to the correlation between expectations about stock market returns and Social Security benefits. Such a correlation would occur, for example, if people believed that a correlation exists between the growth of their earnings and returns on stocks, or that a Social Security reform that would reduce benefits is more likely to happen when stock returns are low. In Table 1 , we find that individuals who report a higher probability of a recession within the next 10 years report a lower probability of eligibility, which may indicate that a positive correlation does exist between stock market returns and Social Security expectations. This correlation would be problematic for our analysis of portfolio choice if it were to vary systematically across individuals and influenced their portfolio choice. But at this point, we do not have the information on the joint subjective distribution of benefit amounts and stock market returns that would enable us to establish whether this is indeed the case.
Conclusions
In this paper, we have presented empirical evidence concerning the uncertainty individuals have about their future Social Security benefits, and how this uncertainty influences their portfolio choice. The evidence is based on a new data collection method that we applied in the HRS Internet survey.
We document sizeable uncertainty about respondents' eligibility for Social Security benefits, as well as the amount of benefits they expect to receive. We find that younger respondents and those further away from their expected claiming age exhibit greater uncertainty, suggesting that uncertainty related to events that have not yet happened may be relevant. In line with this idea, we also find that higher subjective probabilities of either Social Security reform or of a recession within the next 10 years are associated with a lower probability of eligibility. However, those variables appear not to predict uncertainty in the expected Social Security benefit amount. But this could be due to the much smaller sample size in the analysis of the uncertainty about expected benefit amounts.
We describe associations between expectations and observable characteristics, but We investigate which features of the distribution respondents report when asked for their point estimate of the age at which they expect to start receiving Social Security benefits. We focus the analysis on respondents with a point estimate between 60 and 70, and with at most 2 modes (97.1% of the data). We make two assumptions for this analysis: A1: The claiming age is a discrete random variable distributed between 60 and 70. A2: If respondents report the average, it is provided in terms of age in years (e.g., if the average of the distribution is 65.6, the respondent would report 65).
If a respondent allocates zero probability mass to the extreme bins (which are open-ended), we can compute exactly the mean, median and mode provided that A1 and A2 hold. For respondents who allocate a positive probability to the extreme bins, we can evaluate bounds for the mean, median or mode. For example, we compute a lower (upper) bound for the mean assuming that all the probability mass allocated to the interval "61 or less" is allocated to age 60 (61) and that all the probability mass allocated to the interval "68 or more" is allocated to age 68 (70). In some cases where the respondent allocated a small probability to the extreme bins, the upper and lower bounds for the mean are equal due to the rounding assumption posited in A2. Similarly, if a respondent allocates, for example, a 60% chance that the claiming age is "61 or less," then the median and the mode can be 60 or 61. Overall, for 81% of the observations, we can compute the exact mode(s), median and mean. For the remaining 19%, we have a bound on at least one of these features of the distribution. The number of observations varies across variables ranging between 313 and 1,479. We present the statistics for each variable over the sample for which it is available combined with any other sample restrictions applicable to the subsequent analyses where this variable appears. For example, for Social Security benefit expectations conditional on claiming age the number of observations is N=316; for the chance of receiving Social Security in the future the number of observations is N=1479. Other wealth is the same as total bequeathable wealth which we defined as the sum of housing, other real estate, transportation, IRAs, stocks and stock mutual funds, checking and savings, CDs, bonds, and other assets, minus all debt (mortgages, home equity loans and any other debt).
Robust standard errors in brackets. * significant at 10%; ** significant at 5%; *** significant at 1%. Regressions include indicators for missing variables.
